or the escalation of smoking over time. This design is Background. In longitudinal smoking prevention also useful for studying developmental sequences: for studies, a difficulty in evaluating treatment effects is example, when smoking cigarettes is followed by mariunderstanding whether bias is associated with those juana use and later by other illegal drug use.
INTRODUCTION
Little and Rubin 8 introduced a typology of missingThe longitudinal study is the most popular design data mechanisms. According to their typology, if the for a thorough understanding of the effects of health pattern of missing data for a variable is not dependent education programs. 1 It is the only design that can pro-on its response values, then the pattern is called missvide information about cumulative phenomena, such ing at random (MAR) . If the pattern of missing is indeas the cumulative prevalence of the onset of smoking pendent of values of other observed variables, then it is called observed at random (OAR) . If the variable is both MAR and OAR then it is called missing completely
Collection of data for this research was supported by Grant R01-specific item by a subject who responds to the survey, within 47 public schools in Los Angeles and San Diego was surveyed at four time points. The students were referred to as item nonresponse. Second, some subjects may miss an entire survey but are present for later pretested in January 1986 (wave A). Students who took the pretest completed an immediate postintervention surveys, referred to as unit nonresponse. Third, subjects may leave the school and be impossible to follow-questionnaire in April 1986 (wave B), a 1-year followup questionnaire in April 1987 (wave C), and a 2-year up, referred to as dropout. Fourth, subjects who are enrolled in the school may choose not to participate the follow-up in April 1988 (wave D). study. In the first and second cases, if the mechanism
Variables of Interest and Their Measures is MCAR, we can ignore the subjects with missing responses. But if the missing mechanism is not MCAR, Tobacco and health knowledge. Seven questionand is caused by an underlying but unmeasured vari-naire items were used to assess student tobacco and able, a proxy measure that is related to the underlying health knowledge (tobacco knowledge). A student's cause of the missing data can be used to improve the score on the tobacco knowledge scale was the number missing data estimate. When the missing data are not of items the student answered correctly. MCAR and depend on the value of the variables that are missing, complex models for missing data estimates Social influences/resistance skills knowledge. Eight are available. 8 questionnaire items were used to assess students' The third and fourth types of missing data are drop-knowledge about information taught about social inouts from the study. If the dropouts are MCAR, they fluences/resistance skills (SR knowledge). A student's can be deleted from the analysis sample, but if the score on the SR knowledge scale was the number of dropouts are not MCAR, that is, those who drop out items the student answered correctly. The items used differ systematically from those who stay in, then the for the tobacco knowledge and SR knowledge scales and analysis sample is biased and the generalizability of the reliabilities of the scales are provided elsewhere. 12 the findings from the sample is limited. So, additional Current smoking status. One questionnaire item methodological research on minimizing the bias due to was used to assess current smoking status of the studropouts in testing treatment effects would be desirdents. The possible responses were ''not,'' ''a few,'' and able (see Leigh et al. 10 ).
''more.'' Consequently, it is important to know whether dropout status is dependent or not on the outcomes of interEver use of marijuana. One questionnaire item was est and on some background characteristics of the sub-used to assess ever-used marijuana. The possible rejects. That is, we need to know the significant pre-sponses were ''yes'' and ''no.'' dictors of dropout status. Hence, the purpose of this Race and gender. The dummy coded variables study is to examine the effect of several identifiable black, Hispanic, and Asian (white is reference group) characteristics (some are time invariant and some are were used in the analysis. Gender was coded as 0 for time variant) of subjects on subsequent dropout during female and 1 for male. follow-up. Knowledge about the characteristics of the dropouts will allow us to reduce the bias due to dropout Treatment conditions. The TVSFP study design inin testing treatment effects over time and also allow vestigated the relative effectiveness of (a) a social-resisadoption of strategies to minimize the dropout rate in tance classroom curriculum (classroom), (b) a media future smoking prevention studies.
(television) intervention (TV), (c) a health-informationbased attention-control curriculum (attention control),
METHODOLOGY
(d) a social-resistance classroom curriculum combined with a mass media intervention (classroom / TV), and Subjects (e) a nontreatment control group (control). Detailed discussions of the allocation of the conditions to different The data for this study were collected as part of the schools are provided elsewhere. 11 Television, School, and Family Project (TVSFP), a longitudinal research project concerned with adolescent Item Nonresponses of the Measures of Interest smoking prevention in Los Angeles and San Diego. 11, 12 This project used the most commonly used design in Of 6,695 subjects, 1,344 (407 at wave A, 256 at wave B, 247 at wave C, and 343 at wave D) subjects were school-based health promotion studies, the longitudinal cohort design. Randomization to various treatment deleted from the analysis because of having item nonresponses on at least one of the variables tobacco knowlconditions was at the school level, while much of the intervention was delivered to students within class-edge, SR knowledge, current smoking status, and ever use of marijuana. To test whether the item nonrerooms. A cohort of 6,695 students from 287 classrooms and elaborated by Kalbfleisch and Prentice, 14 overrace, treatment condition, and dropout status, we did several x 2 tests. Almost all of the x 2 tests were insig-comes these problems and provides a much better approach to modeling dropout. It is a multivariate statisnificant at P õ 0.05. So, the item nonresponses were MCAR. Consequently the subjects with item nonre-tical technique and estimates the rate of occurrence of an event as a function of covariates (independent sponses constituted random subsample of the original sample and were ignored from the analysis. After delet-variables). It can identify temporal relationships by inclusion of time-varying covariates, whose values do not ing the subjects with item nonresponses, the cohort was reduced to 5,351 in wave A. Of the reduced cohort remain fixed over the period of study. This procedure allows use of time contributed by the dropouts in the in wave A, 52.5% were females; 14.0% were blacks, 35.6% were whites, 30.7% were Hispanics, and 19.7% analysis as well as the time contributed by the stayers.
For a given subject the proportional hazards function were in another ethnic group (mostly Asians, and henceforth simply called Asians).
may be written as
, Dropout status was defined as anyone who failed to complete the survey at a given wave and never re-where h(t) is the hazard at time t, representing the turned to complete a subsequent wave. Stayers were instantaneous risk of dropout at time t, given that dropdefined as those who either (a) completed all four waves out did not occur before time t; h 0 (t) is the baseline or (b) were unit nonresponse at one wave but subse-hazard function with all the X variables set to 0; X 1 , quently returned. One limitation of this study is that . . . , X n are the time-invariant and time-variant covariwe could not distinguish the dropped-out students from ates believed to be significant for dropouts; and b 1 rrr the students who were transferred to another school b n are regression coefficients to be estimated from the not located within the survey area. Table 1 shows the data. percentages of dropouts in different waves. The cumuMaximum likelihood methods were used to obtain lative percentage of dropouts from wave A to wave B the parameters of the hazards model where the partial was 13.62%, from wave A to wave C was 33.71%, and likelihood function was based on the product of condifrom wave A to wave D was 55.22%, leaving only tional probabilities of dropout at each time where a 44.78% of the total sample with complete information dropout was observed. The analyses were conducted at all four time points.
using the PHREG procedure in SAS. 15 Using these estimates of the parameters in the proportional hazard Statistical Methods model, relative risk for each of the dummy-coded predictors was obtained relative to a particular class. For The traditional approach to modeling dropout has been to focus on a single time point, e.g., dropout status the continuous predictors, the relative risk was obtained for one unit change of the predictor. as of the first follow-up. There are two problems with this approach. First, subjects can drop out at any of Right censoring exists when incomplete information is available about the duration of the risk period beseveral time points; second, the predictors of dropout can vary over time. Standard methods of analysis such cause of a limited observation period. The subjects who were present at all four waves were considered in this as ordinary least-squares or ordered logit models are not particularly useful because they assume a constant analysis as right-censored observations and subjects who dropped out were considered as event observahazard function. Second, they do not lend themselves to the use of time-variant predictors. Third, they cannot tions. If a covariate does not change its value throughout the risk period for each subject, then it is called a deal with certain types of censored observations. The and classroom control conditions were significantly less than the rate for the control condition. In the attention control condition, subjects were 26% less likely to drop out than subjects in the control condition. Subjects in time-invariant covariate, e.g., subject's gender or race.
the classroom condition were 14% less likely to drop If a covariate changes its value over the risk period for out than subjects in the control condition. The signifieach subject, then it is called a time-varying covariate, cance of the rates for attention control and classroom e.g., subject's current smoking status. In our hazards conditions were mainly due to the lower rates of dropmodel analyses, race and gender were dummy-coded out at waves B and C compared to the rates for the time-invariant covariates, and grade, current smoking control condition. At wave D, the rates for the attention status, marijuana use status, tobacco knowledge control and classroom conditions were close to the rate scores, and SR knowledge scores were time-variant cofor the control condition. The dropout rates for the variates.
classroom / TV and TV treatment groups were not significantly different from the rate for the control con-
RESULTS

dition.
The time-varying covariates tobacco knowledge, SR Table 2 shows the percentage of dropouts by gender, ethnicity, academic performance, current smoking sta-knowledge, grade, current smoking status, and marijuana use status were all significant predictors of droptus, marijuana use, and treatment conditions. The dropout rate for males at each wave was higher than out status. With increasing tobacco knowledge, the dropout rate decreased. With one unit increase of the the rate for females; blacks were generally more likely to drop out than whites and other ethnic groups; rates tobacco knowledge score, the dropout rate was decreased by 4.0%. Similarly, with one unit increase in for Hispanics and Asians were very close to the rate for whites. The dropout rate for students with low aca-the SR knowledge score, the dropout rate was decreased by 3.2%. The dropout rate associated with good demic performance was higher than the rate for stu- Note. Sample size is in parentheses.
academic performance was less than the rate with bad and refit the model. The students who currently smoked a few or more were 12% more likely to drop academic performance, e.g., the students who usually obtained letter grade A were 27% less likely to drop out out than the students who never smoked or had not smoked in the past 12 months. The students who rethan the students who usually obtained letter grade B.
For current smoking status, we first considered sponded ''yes'' to ''ever use of marijuana'' were 19% more likely to drop out than the students who resmoking status as a dummy-coded variable, coded as ''never smoked,'' ''not smoked in the past 12 months,'' sponded that they never used marijuana.
The pattern of dropouts, found by the discrete proand ''smoked a few or more.'' The difference between ''never smoked'' and ''not smoked in the past 12 portional hazards regression model with respect to the time-invariant and time-variant covariates reflected months'' was insignificant. The difference between ''never smoked'' and ''smoked a few or more'' was highly similar patterns found in the univariate analyses shown in Table 3 . We considered other time-variant significant. We obtained the same pattern of results for current smoking status in the univariate analyses covariates in the model such as future intention to smoke, refusal self-efficacy, and number of alcohol shown in Table 3 . So we combined ''never smoked'' and ''not smoked in the past 12 months'' into one category drinks; however, these covariates were insignificant.
These insignificant covariates were thus dropped from the final model. We also considered all possible timeinvariant and time-variant two-way interaction covari- in terms of the mechanism of dropout.
